Background: Aspiration pneumonia has been a growing interest in an aging population. Anaerobes are important pathogens, however, the etiology of aspiration pneumonia is not fully understood. In addition, the relationship between the patient clinical characteristics and the causative pathogens in pneumonia patients with aspiration risk factors are unclear. To evaluate the relationship between the patient clinical characteristics with risk factors for aspiration and bacterial flora in bronchoalveolar lavage fluid (BALF) in pneumonia patients, the bacterial floral analysis of 16S ribosomal RNA gene was applied in addition to cultivation methods in BALF samples. Methods: From April 2010 to February 2014, BALF samples were obtained from the affected lesions of pneumonia via bronchoscopy, and were evaluated by the bacterial floral analysis of 16S rRNA gene in addition to cultivation methods in patients with community-acquired pneumonia (CAP) and healthcare-associated pneumonia (HCAP). Factors associated with aspiration risks in these patients were analyzed.
Background
Pneumonia is the third and ninth most common cause of death in Japan [1] and the United States [2] , respectively. As the population ages, the mortality associated with pneumonia is increasing, especially among the elderly population of over 65 years of age [1] .
The detection of the causative pathogens in pneumonia patients is generally based on sputum culture [3] , but molecular methods using 16S ribosomal RNA gene sequence have yielded new bacteriological information for pneumonia [4] [5] [6] [7] ; specifically, that anaerobes and oral streptococci are important pathogens for communityacquired pneumonia (CAP) [5] , healthcare-associated pneumonia (HCAP) [7] , ventilator-associated pneumonia (VAP) [4, 6] , and bacterial pleurisy [8] . The bacterial floral analysis of 16S rRNA gene we used have the advantages that can evaluate the ratio of each bacterial phylotype in each sample in addition to the ability to detect bacterial phylotypes that are difficult or impossible to be cultured [5, 7, 8] .
Aspiration risks are important factors in elderly patients with pneumonia [9] , as it can be highly influential to the causative pathogens. The guidelines for pneumonia recommend the use of effective antimicrobials to anaerobes in patients who are at risk for aspiration [10] , however, there is insufficient etiological information of causative bacteria in these patients [11] .
The objective of this study was to evaluate detected bacterial phylotypes by the bacterial floral analysis of 16S rRNA gene in addition to cultivation methods in bronchoalveolar lavage fluid (BALF) in patients with CAP and HCAP, and also to assess the relationship between the patient clinical characteristics with risk factors for aspiration and the most detected bacterial phylotypes by the bacterial floral analysis, using both simple and multiple regression analyses.
Methods

Study population
We recruited CAP (83) and HCAP (94) patients at the University of Occupational and Environmental Health, Japan and referred community hospitals between April 2010 and February 2014. Among these patients, 61 CAP [5] and 78 HCAP [7] patients were included in previous studies, and three of the CAP patients and four of the HCAP patients in the past studies were excluded because of insufficient samples or data (Fig. 1) . The patients were classified into two groups: pneumonia patients with aspiration risk factors and those without. This study was approved by the Human and Animal Ethics Review Committee of the University of Occupational and Environmental Health, Japan (No.09-118). All patients provided written informed consent.
Definitions
CAP and HCAP were defined according to the Infectious Diseases Society of America/American Thoracic Society guidelines [3] . The criteria for aspiration risk factors defined by Marik et al. [12] were used, that consist of having neurologic dysphagia, disruption of the gastroesophageal junction, or anatomical abnormalities of the upper aerodigestive tract. Patients with gastroesophageal disorders were categorized as "disruption of the gastroesophageal junction". Eastern Cooperative Oncology Group (ECOG) performance statuses (PS) were used, Grade 0; fully active, able to carry on all pre-disease performance without restriction, Grade one; restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house work, office work, Grade two; ambulatory and capable of all self-care but unable to carry out any work activities, up and about more than 50 % of waking hours, Grade three; capable of only limited self-care, confined to bed or chair more than 50 % of waking hours, Grade four; Completely disabled, cannot carry on any self-care, totally confined to bed or chair, grade five; dead [13] . In this study, Streptococcus mutans group and the S. mitis group, the S. salivarius group, and the S. anginosus group were included as "oral streptococci" except for S. pneumoniae.
Data and sample collection
The clinical information of the patients, including the laboratory and radiological information on chest Xrays and computed tomography (CT) findings were collected. BALF specimens using 40 ml of sterile saline were obtained from pneumonia lesions, as described previously [5, 7] .
Total cell count and cell lysis efficiency analysis
The total bacterial cell count and cell lysis efficiency were evaluated using epifluorescent microscopy, as previously described [5, 7, 8] .
Microbiological evaluation using cultivation methods
The cultivation of BALF and sputum samples was performed as previously described [5, 7] . Positive results were recorded for all bacterial species. The presence of more than one positive BALF and/or sputum culture is described in the "Total" column of Table 2 , while the positive culture results for BALF and sputum samples are presented in the corresponding columns of Fig. 2 .
The bacterial floral analysis of 16S ribosomal RNA gene The DNA of 16S rRNA genes in BALF samples was extracted and the partial 16S rRNA gene fragments (approximately 580 base pairs) were amplified by a polymerase chain reaction (PCR) method with universal primers (341F and 907R). The amplified products were cloned into Escherichia coli using a TOPO TA cloning kit (Invitrogen, Carlsbad, CA), and the nucleotide sequences of 96 randomly chosen clones were determined, and comparison of the detected sequences with the type strains using the basic local alignment search tool (BLAST) algorithm were performed, as described previously [5, 7, 8] . Using this method, each bacterial phylotype was precisely estimated including differentiation of S. pneumoniae and other streptococci in the BALF.
Statistical analysis
The SPSS software package (version 19) was used, and Fisher's exact test for tables (2 × 2), and the MannWhitney U test were applied. P < 0.05 was considered significant. When the most detected bacterial phylotypes were considered as dependent variables and clinical variables were considered as independent variables, a simple regression analysis was used. In addition, a multiple linear regression analysis was also performed. The variables were included in the original simple regression analysis model if their univariable P values were less than 0.05.
Results
Patient characteristics
The characteristics of 177 patients (CAP 83, HCAP 94) are shown in Table 1 , and 46.9 % (83/177) patients had aspiration risks. Compared to the patients without aspiration risks, the patients with aspiration risks were significantly older, including more males and HCAP patients, higher rates of patients who resided in a nursing home or an extended care facility, lower average body mass indices (BMI), higher percentages of patients with median ECOG-PS of 3-4 of premorbid conditions, patients using antipsychotic drugs and patients with history of pneumonia within the previous 1 year ( Table 1 ). The patients with aspiration risks demonstrated significantly higher percentages of patients with orientation disturbance, lower hematocrit values and average serum albumin levels, and more patients with posterior dominant distribution of infiltration on chest CT and more patients with a Pneumonia Severity Index (PSI) score of VI-V than the patients without aspiration risks (Table 1) .
Total bacterial cell numbers and cell lysis efficiency analysis
The numbers of bacteria in the BALF samples ranged from 1.2 × 10 4 to 3.7 × 10 9 (median, 3.7 × 10 9 ) cells/mL. The cell lysis efficiency was maintained at ≥90 % in all samples.
The comparison of conventional cultivation methods and the bacterial floral analysis of 16S ribosomal RNA gene
The results of the conventional cultivation methods and the most detected phylotypes using the bacterial floral analysis of the 16S rRNA gene in the BALF samples are shown in Fig. 2 and Table 2 . The bacterial floral analysis of 16S rRNA gene identified one or more bacterial phylotypes in all of the BALF samples, whereas cultivation Table 2 . Oral streptococci (22.3 %), Haemophilus spp. (15.6 %), S. pneumoniae (12.8 %), anaerobes (12.3 %), and Mycoplasma pneumoniae (7.8 %) were mostly detected by the bacterial floral analysis of 16S rRNA gene. In contrast, the cultivation methods detected Haemophilus spp. (12.8 %), S. pneumoniae (11.7 %), Staphylococcus aureus (11.7 %), and Pseudomonas aeruginosa (10.0 %), while oral streptococci and anaerobes were isolated in only 5.0 and 4.4 % of the samples, respectively ( Fig. 2 and Table 2 ).
Comparison of the results of the bacterial floral analysis of 16S ribosomal RNA gene between patients with or without aspiration risks
Using the bacterial floral analysis of 16S rRNA gene, oral streptococci as the most detected phylotypes were significantly highly detected in patients with aspiration risks than patients without (31.0 and 14.7 %, respectively, P = 0.009); while anaerobes were significantly more detected in patients without aspiration risks ( Fig. 2i ) than patients with aspiration risks (Fig. 2f ) (17.9 and 6.0 %, respectively, P = 0.015). Additionally, the percentages of oral streptococci were higher in patients with aspiration risks (Fig. 4a ) than those without aspiration risks ( Fig. 4b) (Fig. 3a , Fig. 2 The percentages of the detected bacteria by sputum cultivation, and cultivation and the bacterial floral analysis of 16S ribosomal RNA gene in bronchoalveolar lavage fluid. The percentages of the bacterial species detected by the cultivation using sputum samples (a, d and g) or bronchoalveolar lavage fluid (BALF) (b, e and h), and the most detected bacterial phylotypes detected by the bacterial floral analysis of 16S rRNA gene in BALF (c, f and i). The numbers in the Figures describe the percentages of detected bacteria in patients of all (a, b and c), with aspiration risks (d, e and f) and without aspiration risks (g, h and i), respectively. The denominators in a, b, d, e, g and h are the numbers of patients in whom some bacterial species were cultured, and the bacterial floral analysis of 16S rRNA gene detected at least one or more bacterial phylotypes in all of the BALF samples (c, f and i). Ninety-one patients could not produce any sputum for examination at hospital admission (a, d and g). All members of the Streptococcus mutans and S. mitis groups, the S. salivarius group, and the S. anginosus group were included as "oral streptococci" except for S. pneumoniae (c, f and i). Definitions of abbreviations: MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant S. aureus P = 0.002), and anaerobes were significantly more detected in patients without aspiration risks (Fig. 4d ) than those with aspiration risks (Fig. 4c) (Fig. 3b , P = 0.044). 
Results of simple and multiple linear regression analyses for detecting oral streptococci
Simple regression analysis was performed, using the most detected phylotypes such as oral streptococci (Fig. 2c) as the dependent variable and clinical variables (Table 3) as the independent variable. These variables were included in the original simple regression analysis model if their univariable P values were less than 0.05. The significantly correlated factors revealed by a simple regression analysis were; at an age of ≥80, an ECOG-PS of ≥3, residing in a nursing home or long-term care facility, the presence of aspiration risks, and a history of pneumonia within the Fig. 3 The occupancy of the phylotypes of oral streptococci and anaerobes by the bacterial floral analysis of 16S ribosomal RNA gene according to aspiration risks and ECOG-PS. a and c represents the occupancy of the phylotypes of oral streptococci, and (b and d) shows the occupancy of phylotypes of anaerobes, according to aspiration risks (a and b) and ECOG-PS (c and d). Using the bacterial floral analysis of 16S rRNA gene in bronchoalveolar lavage fluid, the occupancy rates of oral streptococci were significantly higher in patients with aspiration risks than those in patients without aspiration risks (P = 0.02) (a), and were also significantly higher in patients with ECOG-PS of ≥3 compared to those in patients with ECOG-PS of ≤2 (P < 0.001) (c). In contrast, the occupancy rates of anaerobes were significantly higher in patients without aspiration risks than those in patients with aspiration risks (P = 0.044) (b), and similar trend was observed in patients with ECOG-PS of ≥3 compared to those in patients with ECOG-PS of ≤2 (P = 0.085) (d). All members of the Streptococcus mutans and S. mitis groups, the S. salivarius group, and the S. anginosus group, were included as "oral streptococci" except for S. pneumoniae. Abbreviation: ECOG-PS; European Cooperative Oncology Group-Performance Status previous one year (Table 3 ). The variables were included in the original simple regression analysis model if their univariable P values were less than 0.05. In addition, a multiple linear regression analysis revealed that an ECOG-PS ≥3 and a history of pneumonia were associated with the detection of oral streptococci in the BALF samples by the bacterial floral analysis of 16S ribosomal RNA gene (Table 4) .
Results of the bacterial floral analysis of 16S ribosomal RNA gene in pneumonia patients with an ECOG-PS of ≥3 or ≤2
As the most detected bacterial phylotypes, oral streptococci were significantly more frequently detected in pneumonia patients with an ECOG-PS of ≥3 than those ≤2 (P < 0.001), while anaerobes were less frequently detected but not significantly different (Fig. 5) . The percentages of oral streptococci were significantly highly detected in each BALF in patients with ECOG-PS ≥3 (Fig. 4e) than those with ECOG-PS ≤2 (Fig. 4f) (Fig. 3c , P < 0.001), and those of anaerobes were highly observed in each BALF in patients with ECOG-PS ≤2 (Fig. 4h) than ECOG-PS ≥3 (Fig. 4g) , but not significantly different (Fig. 3d , P = 0.085).
Discussion
This study firstly analyzed the relationship between the bacterial flora in the lung and the aspiration risks in patients with CAP and HCAP, and the bacterial floral analysis of 16S ribosomal RNA gene using the BALF specimens obtained from 83 CAP and 94 HCAP patients revealed that oral streptococci were the most detected bacterial phylotypes (Fig. 2c) . This is in line with our previous results that demonstrated the significantly higher detection of oral streptococci in CAP patients [5] . However, the clinical implication of the detection of oral streptococci in relation to risk factors for aspiration and clinical background factors Fig. 4 The percentages of oral streptococci (black), anaerobes (gray) and others (light gray) detected by the bacterial floral analysis of 16S ribosomal RNA gene in each bronchoalveolar lavage fluid sample according to risks for aspiration and ECOG-PS. The percentages of oral streptococci (black), anaerobes (gray) and others (light gray) detected by the bacterial floral analysis of 16S rRNA gene in each bronchoalveolar lavage fluid sample in patients with (a and c) or without (b and d) risks for aspiration, and those in patients with ECOG-PS of ≥3 (e and g) or ≤2 (f and h). a, b, e and f focus on the detection rate of oral streptococci (black) in each patient, and c, d, g and h focus on the detection rate of anaerobes (gray) in each patient. All members of the Streptococcus mutans and S. mitis groups, the S. salivarius group, and the S. anginosus group were included as "oral streptococci" except for S. pneumoniae. Abbreviation: ECOG-PS; european cooperative oncology group performance status have not been fully understood. In this study, oral streptococci were significantly more frequently detected with high occupancy in pneumonia patients with aspiration risks than in those without aspiration risks (Figs. 3a and 4a, b) . Moreover, the high occupancy of oral streptococci in each sample was strongly correlated with ECOG-PS ≥ 3 (Figs. 3c and  4e, f) . In addition, this study firstly showed that having a poor ECOG-PS (≥3) and a history of pneumonia within the previous one year showed a greater correlation with the detection of oral streptococci in the BALF than having aspiration risks (Table 4) .
Oral streptococci have been reported to be common causative pathogens of pulmonary abscesses and empyema thoracis [14] [15] [16] [17] , and the rate of oral streptococci as causative pathogens in patients with CAP or HCAP was reported to be 0.3-14.1 % [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Higher incidence of oral streptococci (22.3 %) as the most detected phylotypes in the BALF using the bacterial floral analysis of 16S rRNA gene was observed compared to the previous reports including our report of CAP patients (9.4 %) [5] . In addition, higher rates of oral streptococci were detected in both patients with aspiration risks (31.0 %) and without (14.7 %) (Fig. 3c, f ) than the previously reported detection rates of oral streptococci in patients with aspiration (1.9-41.2 %) [14, [28] [29] [30] [31] [32] and non-aspiration pneumonia (3.6-9.1 %) [30, 32] . The different bacteriological detection methods may have influenced these different detection rates of oral streptococci [30, 32] . Conventional cultivation methods cannot evaluate the bacterial ratio in each sample, whereas the bacterial floral analysis of 16S rRNA gene we used can estimate the ratio of bacterial phylotypes in each sample. According to the result, the percentages of oral streptococci in each BALF sample in patients with aspiration risks were significantly higher than those in patients without aspiration risks (Fig. 3a) .
The factors correlated with the detection of oral streptococci in pneumonia patients by simple regression analysis were similar to the previous reports (Table 3 ) [15] . Detection of oral streptococci by the bacterial floral analysis of 16S rRNA gene were strongly correlated to a risk of aspiration in this study, and the strongest correlation factor for the detection of oral streptococci in pneumonia patients in this study was a poor ECOG-PS (≥3) ( Table 4) .
Oral streptococci (22.3 %) were the most frequently detected bacterial phylotypes (Fig. 2c) , whereas the conventional cultivation method demonstrated that oral streptococci and anaerobes were isolated in only 5.0 and 4.4 % of the same samples, respectively (Fig. 2b) . In realword clinical settings, oral streptococci and anaerobes might be considered as oral contaminants and could be underestimated by cultivation methods. We have previously shown that the bacterial floral analysis of 16S rRNA gene using BALF samples did not make remarkable oral floral contaminations in noninfectious patients with idiopathic interstitial pneumonias [5] , and also all patients showed a total bacterial cell count of >10 4 cells/ mL in BALF that was a useful diagnostic criterion for pulmonary bacterial infection [5] , therefore, we think that the oral streptococci and anaerobes that were highly detected in the lower respiratory tract in this study were reliable, and speculate that oral streptococci have important roles in patients with pneumonia with aspiration risk factors.
The detection rates of anaerobes in patients with aspiration pneumonia were 87.5-100 % in the studies using percutaneous transtracheal aspirates [28] [29] [30] . However, Marik et al. suggested that these high rates might be excessive [12] , primarily due to their later sampling time of percutaneous transtracheal aspirates in the clinical course of the illness. This might include other complications such as abscesses, necrotizing pneumonia, or empyema in the previous studies [28] [29] [30] , and transtracheal sampling may also have possibly provoked the aspiration of the oropharyngeal flora during the procedure. Anaerobes were detected in only 11.6 % of samples in other report evaluating using protected BALF specimens in patients with severe aspiration pneumonia in a population of institutionalized elderly [14] , and no anaerobes were detected using a protected specimen brush [31, 33] . The bacterial floral analysis of 16S rRNA gene demonstrated that anaerobes were detected in 12.3 % of this study population (Fig. 2c) , and significantly highly detected in patients without aspiration risks (17.9 %, Fig. 2i ) than with aspiration risks (6.0 %, Fig. 2f ). The percentages of anaerobes in each BALF sample in patients without aspiration risks were also significantly higher than those with aspiration risks (Figs. 3b and 4c, d) , and according to these results, anaerobes might not be the primary cause of pneumonia in patients with aspiration risks. El-Solh et al. [14] also reported the relationship between the detection of anaerobes in the lower respiratory tract and oral hygiene, further studies are necessary to clarify these clinical relationships.
This study is associated with several limitations. First, this study was retrospective and subject to a recall bias. Second, the universal primers that were used in the bacterial floral analysis could not amplify all of the bacterial 16S rRNA genes, and the sensitivity of the primers was approximately 92 % of the total bacterial species registered in the Ribosomal Database Project II database, whereas no reported human causative pathogens were included in the remaining 8 %. Third, only approximately 100 clones were analyzed per library, suggesting that bacterial 16S rRNA gene sequences present at very small fractions (<1 % of each sample) in the sample may occasionally be undetectable. In addition, the sequencing depth was insufficient for the detection of mycobacterial species. Fourth, this study only included patients in whom bronchoscopic examination was performed.
Conclusions
Using the bacterial floral analysis of 16S rRNA gene, oral streptococci were the most detected bacterial phylotypes Fig. 5 The differences of the percentages of the most detected bacterial phylotypes determined by the bacterial floral analysis of 16S ribosomal RNA gene according to ECOG-PS. The percentages of the most detected bacterial phylotypes by the bacterial floral analysis of 16S rRNA gene in patients with ECOG-PS ≥3 (a) included significantly more oral streptococci than those in patients with ECOG-PS ≤2 (b) (P < 0.001). All members of the Streptococcus mutans and S. mitis groups, the S. salivarius group, and the S. anginosus group were included as "oral streptococci" except for S. pneumoniae. Abbreviation: ECOG-PS; european cooperative oncology group performance status in CAP and HCAP patients with aspiration risks, and both simple and multiple regression analyses demonstrated that the detection of oral streptococci in the BALF by the bacterial floral analysis of 16S rRNA gene was strongly related to poor ECOG-PS (≥3). The evaluation of the patients' physical activities to estimate the aspiration risks and bacterial etiologies might be important, and a poor ECOG-PS might be a clue to the higher detection rate of oral streptococci in the lower respiratory tract in patients with CAP and HCAP.
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